The UNIX™ system: 

making computers easier to use 

The UNIX operating system provides a versatile software base 
for a variety of minicomputer applications. 


Samuel P. Morgan 


A lmost ten years ago Bell Labs computer sci- 
- entists began to develop a computer oper- 
ating system to simplify the interactions be- 
tween computers and the people who use them. 
The result: the simple, easy-to-understand, 
and powerful family of UNIX systems. 

Computer operating systems are control 
programs, generally very large and complex, 
for organizing and scheduling the activities of 
a computer. Bell Labs researchers realized 
that many of the advances proposed for large 
operating systems on large computers could 
be provided more efficiently on small comput- 
ers. The UNIX family they developed greatly 
reduced the size and increased the flexibility 
of the operating system by breaking it up into 
smaller, more understandable pieces. 

A typical UNIX installation provides simul- 
taneous (“time-shared”) service at keyboard 
terminals to from 10 to 40 users, who may be 
carrying out different tasks on the same mini- 
computer. Such installations have rapidly be- 
come popular, because the UNIX system pro- 
vides a software base for writing programs to 
handle a great variety of applications. Fur- 
thermore, the UNIX system includes very effec- 
tive tools for writing software for all kinds of 
other computers as well. The system was not 
designed to meet narrow objectives, and it 
turns out to satisfy the requirements of a very 
diverse set of users. 

More than 650 UNIX installations were in 
use in the Bell System as of October T?78. 
There were also more than 400 in universities 
and 180 in government and industrial facili- 
ties, through a licensing agreement with West- 
ern Electric. Bell Labs and Western Electric 


provide programming support to Bell System 
users, but not to licensees outside the Bell 
System. 

UNIX systems are made up of three parts 
(see panel, page 311). The kernel, or operat- 
ing system proper, supervises the scheduling 
of computer tasks and manages information 
storage. The shell, or command language in- 
terpreter, provides communication between 
the user’s terminal and the operating system 
and hardware. UNIX utility programs, the 
third part, perform specific tasks such as edit- 
ing a program or passage of text, sorting a list 
of numbers, or drawing a graph. In addition, 
users write applications programs to support 
their own projects — for example, programs to 
update a data base describing current condi- 
tions in a telephone network. 

Almost the entire UNIX system — most of the 
operating system and all of the shell and the 
utility programs — is written in the C pro- 
gramming language. C is a high-level, gener- 
al-purpose language. Although it was devel- 
oped at Bell Labs especially for use with the 
UNIX system, C is now used on a number of 
other systems as well. Other high-level lan- 
guages, such as Fortran, are available with 
the UNIX system, but are used less frequently. 

The flexibility of the UNIX operating system 


Satellite. A microprocessor acting as a satellite to the 
standard UN/X™ system controls an experiment at Bell 
Labs Metallurgical Engineering department. As P. Leland 
Key (foreground) attaches a sensor to the sample, Bud C. 
Wonsiewicz keys information into the computer. The 
microprocessor is located to the left of the keyboard. 
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is due to certain features of its basic design. 
These include formatless files, stream process- 
ing, and so-called device independence. 

A file is a collection of information (such as 
numbers or text) stored by a computer. In 
most computer systems a programmer has to 
supply various facts in advance about each 
file, such as its ultimate size, the size of rec- 
ords in the file, and where it is to be stored. In 
contrast, a UNIX file is simply a featureless 
stream of characters, as long or short as need- 
ed. Once the programmer has given the infor- 
mation a name, the operating system stores it 
in memory. The programmer need not be con- 
cerned with where it goes, how long it is, or 
what will be done with it later. Formatless 
files greatly simplify programming and re- 
duce errors. 

Stream processing means that the output of 
one UNIX program may be used as input to an- 
other program through a connection called a 
“pipe” (see panel, p. 312), without the pro- 
grammer’s having to arrange for temporary 
storage. Stream processing leads to the writ- 
ing of small programs, each of which per- 
forms a simple operation on a file of informa- 
tion, and which can be connected in various 
ways to do many different task>. 

Device independence means Ihat all the var- 
ious input and output devices — disk and tape 
units, keyboard terminals, printers — look 
alike to the pi'ogrammer, and effectively look 
the same as ordinary files. This means that a 
programmer does not have to write complicat- 


Development. Dennis Ritchie (left), Ken Thompson, and 
Brian Kernighan (right) are helping develop the research 
version of the LW/X™ software at Bell Labs Computing 
Science Research center. Thompson and Ritchie imple- 
mented the original UNIX system, and Ritchie developed 
the C programming language. 


ed commands to distinguish among the ways 
that information can flow into or out of the 
computer, and it allows flexible use of input 
and output devices. 

These features of the system have led UNIX 
programmers to a characteristic style, which 
emphasizes making each program do one 
thing well, and using many small software 
modules rather than fewer large ones. Treat- 
ing small programs like building blocks which 
can be assembled in various ways results in 
efficient use of programmers’ time. 

Among the first and still most extensively 
used of UNIX utility programs are those for 
editing and printing text. These programs 
make it easy for people who are not computer 
specialists to enter and revise text, tables, and 
equations. For example, to create 


the typist, in effect, reads the equation out loud 
by typing: “Sum from i = 1 to infinity 1 over 
x sub i = pi.” The computer translates this line 
into mathematical symbols, positions it on the 
page, and finally types or phototypesets it. 
UNIX programs can also prepare tables, foot- 
notes, and complicated page layouts with sim- 
ple commands. Finally, they can help in proof- 
reading by listing those words in a document 
that do not appear in a dictionary stored in 
the computer’s memory. Any word that the 
author wants to change can be corrected with 
a one-line command. 

At Bell Labs UNIX programs are used for 
preparing internal memoranda and manuals, 
patent applications, and manuscripts for pub- 
lication. For journal articles the UNIX system 
is about twice as fast as typewriter composi- 
tion. The programs are also widely used with- 
in the Bell System, and have been adopted by a 
number of universities and industries around 
the world. 

Within the Bell System, UNIX installations 
are being used for document preparation, pro- 
gram development, support of telephone op- 
erations, and general-purpose computing. 
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The UNIX™ operating system 

The heart of the UNIX system is called the 
kernel. This set of programs resides per- 
manently in the computer’s main mem- 
ory. It controls users’ access to the ma- 
chine and allocates the system’s re- 
sources. 

The kernel arranges for several pro- 
grams to share the machine simultane- 
ously. It does this by allocating the com- 
puter’s central processing unit for a short 
while (measured in milliseconds) to one 
program, then for a short while to an- 
other. The kernel also maintains the file 
system and manages the main memory. 
Finally, the kernel drives the various in- 
put and output devices such as disks, 
tapes, printers, and keyboard terminals. 
Since each of these devices operates at 
a different speed, the kernel must per- 
form a complex and rapid juggling act. 

Most users of the UNIX system do not 
deal with the kernel directly but with a 


program called the shell, or command in- 
terpreter. The shell reads lines typed at a 
terminal and interprets them as requests 
to execute other programs. These pro- 
grams may be as simple as a text editor, 
which merely collects lines of input; or 
they may be applications programs al- 
ready in memory, which the user wants to 
run. In particular, the shell can cause a 
series of programs to be executed with 
the output of each program being used as 
the input to the next. Such a sequence of 
programs is called a “pipe” (see panel, 
page 312). 

UNIX utility programs make up the larg- 
est part of the system. These programs 
include routines for doing such things as 
editing text, sorting lists, drawing graphs, 
and many other common tasks. The num- 
ber of utility programs increases from 
time to time as users devise convenient 
new ones. 


AT&T, Long Lines, and the Operating Com- 
panies are increasingly implementing systems 
based on UNIX software to help administer 
and maintain the telephone plant. 

For example, No. 1 and No. 2 Switching 
Control Center systems use the UNIX system to 
monitor and control electronic switching sys- 
tems from a central location. The Automatic 
Trouble Analysis system, which collects and 
analyzes maintenance data for No. 1 and No. 5 
crossbar offices, runs under the UNIX system, 
as does the Automatic Trouble Reporting Sys- 
tem. The Engineering and Administrative 
Data Acquisition System/ Network Manage- 
ment uses the UNIX system to collect network 
data from electromechanical and electronic 
switching systems, and to help balance the 
load within the telephone network. Finally, 
the Advanced Communications Service, a pro- 
posed service for data communications be- 
tween diverse types of terminals and comput- 
ers, will use UNIX software. 

Several experimental UNIX applications are 
in use at Bell Labs. One set of programs allows 
a designer to draw and alter schematics for 
prototype electrical circuits on a graphics dis- 


play terminal. These programs also control the 
wire-wrap machine used to build the circuits. 
Another experimental program pronounces 
English words aloud. This program uses 
“grade-school” rules to pronounce words ac- 
cording to their spelling, and feeds signals to 
an electronic sound synthesizer. The program 
is extremely compact, and has been incorpo- 
rated in portable microcomputers for the use 
of the blind. 

Because UNIX software is easy to modify, 
compatible with a variety of hardware, and 
adaptable to many purposes, there are now a 
number of versions. These include the evolv- 
ing research version in the Bell Labs Comput- 
ing Science Research Center, the standard 
UNIX system maintained for Bell System proj- 
ects by the Bell Labs UNIX Support Group, the 
so-called “Sixth Edition” system used outside 
the Bell System under Western Electric li- 
cense, and the Programmer’s Workbench ver- 
sion, which aids in developing programs for 
larger computers and also recently became 
available to outside users. (An article on the 
Programmer’s Workbench will appear in the 
January 1979 Record.) 


December 1978 


311 



Programs and pipes 

beat +2 CA5-7-t I spline | graph | tek 

UNIX ™ programs can be connected by 
means of pipes to perform a sequence of 
operations such as those needed to con- 
vert a series of binary digits to a graph. 
In this example, a satellite microproces- 
sor monitors the apparatus that tests me- 
chanical properties of metal alloys (see 
photo, page 309). The microprocessor 
converts electrical signals representing 
applied force and elongation into binary 
digits, and stores them in a data file. The 
UNIX programs above then convert the 
file to a graphic display. 

In order to display the data as a graph, 
a series of four UNIX programs con- 
nected by pipes (represented by vertical 
lines above) is entered at a terminal. The 
first program, beat, converts the binary 
data into decimal numbers and scales 
them into conventional units of measure- 
ment (right). +2 means that the numbers 
are taken in pairs for plotting. The first 
number of each pair represents percent- 
age of elongation, and the second num- 
ber represents stress in thousands of 
pounds per square inch. CA5-7-t is the 
name of the data file for a specific exam- 
ple. The program spline fits a smooth 
curve to the data. Graph is a general pro- 
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gram for drawing graphs. It plots a series 
of closely-spaced points on the curve 
fitted by spline and connects them with 
straight line segments. The program tek 
prepares the graph for a particular type 
of display terminal. 

Of the four programs in the command 
line above, only beat is specific to the 
metallurgical application. The other three 
programs are utility (“building block”) 
routines useful in many different con- 
texts. The graph below is obtained by 
combining these four programs in a sin- 
gle request to the shell. Additional pro- 
grams could be inserted in the pipeline to 
analyze or reduce the data further. 
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Additional variants of the UNIX system are 
intended for special applications. For exam- 
ple, the standard UNIX time-sharing system 
is not well suited for “real time” operation, 
which requires very quick response to monitor 
an on-going physical process. Therefore an 
operating system has been developed which 
provides real-time features and at the same 
time supports the UNIX system. 

There are also UNIX variants for smaller 
computers. A mini-UNIX system, for instance, 
serves four users at a time on a very small 
minicomputer. The LSI -UNIX system uses a 
microprocessor for single-user applications 
and for control of special hardware. Inexpen- 
sive microcomputers, acting as satellites to a 
standard UNIX system, can control laboratory 
experiments and analyze and display results. 
At Bell Labs, the satellite system has been ap- 


plied to mechanical testing, magnetic meas- 
urements, and low-temperature convection 
experiments (see panel above). 

One potentially valuable characteristic of 
the UNIX software for the Bell System is its 
portability ; that is, the ability to be moved to 
machines of different manufacturers. To re- 
duce dependence on a single supplier, and to 
use new, more efficient computers when they 
become available, large organizations need to 
run the same programs on different kinds of 
computers. However, the necessity of rewrit- 
ing software for each new machine increases 
costs enormously. 

Until recently, computer operating systems 
were tied so closely to specific hardware that 
they had to be rewritten for each new machine 
at a cost of many person-years of effort. So 
far, however, Bell Labs people have moved the 
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circuit. An experimental set of L//V/X™ programs allows 
Vollaro to design the circuit on a graphics display ter- 
minal and also controls the wire-wrap machine. 


Circuit design. John Vollaro of Bell Labs Computer 
Systems Research department uses a computer-con- 
trolled wire-wrap machine to build a prototype electrical 


UNIX system to three new computers, with 
only about one person-year of work in each 
case. Because the basic UNIX system is very 
small, cleanly designed, and almost all written 
in the high-level programming language C 
rather than machine language, it is the first 
full-scale computer operating system to be 
really portable. 

In addition to moving the UNIX system to 
smaller and larger computers and to machines 
of different manufacturers, Bell Labs is work- 
ing to establish better communications be- 
tween UNIX systems. UNIX installations now 
exchange programs and files with one another 
over dialed-up links, but compared to other 
computing operations this is a slow and cum- 
bersome process. Therefore efforts are being 
directed toward establishing a network of 
high-speed data links. Security mechanisms 


for such a network are now being studied. 

Today, after less than a decade of develop- 
ment, what the UNIX system is depends on the 
user’s perspective. To its designers UNIX is 
mainly the operating system ; to programmers 
it is the shell and utility programs ; to typists 
it is the document preparation programs ; and 
to all the users who have contributed to it, it 
is in part their own creation. 

In the next few years UNIX systems can be 
expected to attract many new users, to be run 
on many different kinds of computers, and to 
be linked to many other, geographically sepa- 
rate systems. The style of computing encour- 
aged by the UNIX programming environment 
is influencing a new generation of program- 
mers and system designers. The resulting in- 
crease in productivity is helping to meet ever- 
increasing demands for computer software. □ 
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